The classical studies of coal miners' nystagmus were monocular in outlook, but the rise of orthoptics, the work of Campbell and others (1948, 1951), and the suggestion by Browne (1951) that miners' nystagmus may be a type of disuse atrophy of the visual apparatus, have all focused attention upon the binocular vision of the miner with this disease. The objects of the present investigation are to consider the following:
The classical studies of coal miners' nystagmus were monocular in outlook, but the rise of orthoptics, the work of Campbell and others (1948, 1951) , and the suggestion by Browne (1951) that miners' nystagmus may be a type of disuse atrophy of the visual apparatus, have all focused attention upon the binocular vision of the miner with this disease. The objects of the present investigation are to consider the following:
(1) Effect of age and nystagmus on visual acuity. Methods Control of Comparison.-The material comprised 47 consecutive patient!' with nystagmus from County Durham who had all been granted certificates of disablement for this disease by the same medical practitioner. They were matched with a control series of 50 normal men chosen from the same group of 29 collieries at which the men with nystagmus had been working when certified. These collieries were visited, and the names of the controls were selected at random from the office records to match the men with nystagmus, by age (as far as possible to the nearest decade) and occupation. All but three of the controls attended for examination.t The schedules of two men who attended were not completed.
Some of the patients' eyes were oscillating so badly that they could not be examined completely, and their figures cannot therefore be included in the results presented here. If these patients had been included, the contrast between the men with nystagmus and those without would have been even more marked.
Examination of Eyes.-One afternoon a week was set apart for this work to avoid the bustle of normal out-patient conditions. The visual acuity, ophthalmoscopic data, and symptoms and signs of nystagmus, including oscillation of the eyes and head tremor, were recorded on a special schedule, together with a full orthoptic report of the binocular mechanism. Convergence power, measured by the Livingston binocular gauge, received particular attention, as this function was found to be more suitable for the postural tests. The synoptophore is not sufficiently adaptable for extreme angles of vision, and the effect of changes of posture cannot be accurately measured with it. The convergence power was recorded in three positions, with the patient upright, but altering his line of vision from upwards to level, and then downwards. It was also measured in three other positions, in each of which the patient held his line of vision level but altered his posture. The three postures were: stooping with the head thrown back, standing upright with the head straight, and leaning backwards with the head forward. These postural tests were made in the hope that some light might be thrown on a possible relation between the disorder of the oculo-motor system and the unnatural working attitudes caused by the conditions underground.
Statistical Analysis.-For every group of figures a mean and its standard error were calculated and a Student's " t " test of significance was applied to the differences between means. When the probability against the difference between two means being due to chance was 20 or more to 1, it was considered " significant ". Because of the inevitable exclusion of the worst cases of nystagmus, this gives a stringent level of significance in contrasting the patients with the controls.
Results
Visual Acuity.-It is well known clinically that nystagmus reduces visual acuity, and in this investigation the extent of this reduction can be measured. Table I shows that the normal miners had a visual acuity of about 6/9, whereas the men with nystagmus had one of only 6, 16 (6 18 to the nearest line on the Snellen chart.) The two groups were divided into two sections above and below the 50 birthday to see whether this deterioration took place irrespective of age.
Under 50 there was an average acuity of 6 '6 in the controls and 6 12 in the men with nystagmus, and over 50 the averages were 6/12 and 6,18. All these differences appear unlikely to be due to chance (Table II) . Since this poor vision is thought to be due to macular suppression from the constant movement of the eyes by both the oscillation and the head tremor, it is important to consider what is the acuity of men who suffer from these symptoms compared with that of those who do not. When the effects of oscillation and tremor upon visual acuity are considered, there appears to be little or no association between the two symptoms. Twenty (43 per cent.) men had oscillation of the eyes, and 24 (51 per cent:) had head tremor, whilst only 12 (25 per cent.) had both (Table III) . This suggests that the two symptoms are independent of each other. Moreover, there are almost as many men with tremor amongst those without eye oscillation as amongst those with it. There was very little difference between the visual acuity of those with and without oscillation of the eyes, but the acuity of the men with head tremor was, rather surprisingly, better than that of those without it. Table IV shows that visual acuity was 6/18 in men with oscillations and 6/15 in those without. This difference is small and is likely to be due to chance. Visual acuity in men with tremor of the head, however, was 6/12, but only 6/20 in those without-a large and significant difference. This finding was subjected to a closer scrutiny and Table V (opposite) shows that when eye oscillation and head tremor come together in the same patient, visual acuity is 6/1 1, but when they are found apart it is only 6/28, 6/16, or 6/13, for the left eye. The figures for the right eye show similar differences. The records of one man who was unable to see a Snellen chart at all, because of complete central suppression, have been excluded from these Tables. He was suffering from both head tremor and eye oscillation, but their mutual effect could not be measured because he could not see. Convergence.-Six tests were conducted on the Livingston binocular gauge (Table VI) . In exery instance the convergence power of the group with nystagmus was poorer than that of the control group, but the individual variation within both of these groups was so great that only one of the differences between the means was statistically significant. This occurred in the test in which the patient is stooping with his head thrown back but with his gaze horizontally forward. Here, the convergence power of the normal men was 1 1.0 cm. and of those with nystagmus 13.8 cm. It may be that, if larger samples had been taken in both groups, all the results would have been significant.
The effect of the disease seems to be more marked on the convergence power of the younger men. Under fifty years of age the binocular gauge reading for the control group was 9.2 cm., but for the nystagmus patients it was 13.5 cm. (difference 4.3 cm.). The corresponding figures for men over 50 were, controls 11.4 cm., nystagmus patients 13.9 cm. (difference 2.5 cm.). The effects of oscillation of the eyes and tremor of the head upon convergence power were both small, and might both have been due to chance.
Discussion
The fact that head tremor seems to improve the visual acuity of men with eye oscillation appears to be a new finding. This observation requires more numerical support than the present paper has been able to afford it, if only because the figures in Table V suggest that the visual acuity of a man with both oscillation and tremor (6/ 1 1.2 for the left eye) is rather, but not significantly, better than that of a man with neither. This is not a function of age, -since the average age of those with both was 55, and the average age of those with neither oscillation nor tremor was 54. However, this finding receives some confirmation from a slow-motion film used by one of us (R.C.B.) for teaching, which shows that when the eyes oscillate to the right the coarse tremor of the head in opposite phase turns it to the left, and vice versa. The two motions thus appear to cancel each other out and leave the eye unmoved in respect of any external object at which it is looking.
There are at least two kinds of head tremor in these patients, one with low frequency and high amplitude, which may be compensatory, and another with high frequency and low amplitude, which resembles that produced by prolonged maximum contraction of almost any muscle group. These both appear in clinical notes as " tremor," and it is not surprising that statistical analysis leaves the matter not yet entirely clear.
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